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1. Introduction
At RAN2#71bis, outputs of email discussion were raised regarding each UTRA ANR method and some open issues were discussed briefly at previous meeting, following agreements and wayfard were made:

Agreements of CELL_DCH based method:

For detection, CM need to be used in inter-freq case/inter-RAT

For SI reading: Autonomous Gaps need to be used for inter-freq/inter-RAT.

Wayfard：

Answer the questions raised for SI-reading and cell reselection for next meeting. Decision on CELL_DCH based vs non-cell-dch-based will be made in next meeting.

Other solution can be provided but it would need to contain as many details as other solutions.

In this paper, we intend to give some more considerations on much concerned open issues regarding CELL_DCH based method and non-CELL_DCH based method. Note that we would focus on the cell reselection based non-CELL_DCH method due to lack of details on logging non-CELL_DCH method.

2. Open issues of cell reselection based method
The intra-UTRAN case framework of proposed alternative UTRAN ANR approach is depicted in figure 1 as in [1]. 
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Figure 1: MSC of intra-UTRAN Cell reselection based approach
As described [4] and discussed in the past meetings, the main procedure of intra-UTRAN cell reselection based ANR is summarized as below:

1. Cell Reselection based ANR measurement is enabled with dedicated signaling for ANR capable of UE in CELL_DCH or CELL_FACH state.

2. The ANR enabled UEs perform detected cell measurement and reselection ranking in CELL_PCH state( CELL_PCH state is intended and preferred).

3. After successful intra/inter-frequency detected cell reselection and if the target cell is capable to camp normally, the UE stores the ANR information (cell id) of the source cell.

4. the UE transits to CELL_FACH state and makes CU procedure to the target cell, then reports the missing NR information to the reselected detected cell, some cell specific ANR parameters would be updated with CUC.

Regarding Cell reselection based alternative, many concerns and open issues has been raised and discussed in [3] at the past meetings, in this section we would like to collect some more concerned and give some discussion in our opinions

Open issue1: How to prevent UE from reporting unwanted neighbour
 To prevent UE from reporting unwanted neighbour, e.g. barred cell or any access restriction cell, it is proposed to introduce a blacklist with forbidden PSC/PID codes or even the prohibited frequencies in serving cell. Another intention is to introduce an ANR indication in system information of target cell to notify if the detected cell reselection is allowed or not. 
As discussion in [5], as mentioned that ANR indication in Cell X is intended to prevent the UEs from Cell Y to reselection it due to the river without bridge between from Cell Y to Cell X. if there is only one NR of Cell X, notifying this ANR indicator may be can work, nevertheless, Cell X may have other Cells missing NR with it in figure 2, so this ANR allowed indicator would lead to loss other missing NR. On the other hand if the ANR indicator has the same purpose to restrict the access which would be duplicated with current cell reservation and restriction indications in SIB3.
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Figure 2: scenario of  ANR indicator
In our opinion, it seems reasonable to define and pre-load the blacklist to the detected cell reselection UE when comparison with notifying the ANR indication in the target cell. We share the concern that this blacklist would also be needed for SI reading approach when updating the NCL. But when and how the blacklist can be defined may be the critical issue. 
We think, in ANR the blacklist possibly can be obtained from multiple UE’s ANR reporting and the information exchanged between or within the NW nodes or even with drive test. So without ANR reporting pre-loading the blacklist seems impractical. 
Differently for SI reading approach, reporting even unwanted neighbor does not need to reselect or handover to it, on the contrary, this reported unwanted neighbor would assist the operator to define the blacklist and this reporting from the ANR UE seems not take the big impact on the UE behavior.
As analysis above, for ANR enabled areas, it seems difficult to define the blacklist without the ANR reporting, so it seems hard to prevent UE from the reselection to unwanted cells for cell reselection based approach.
Open issue2: how cell reselection can be made to work for HO decision
As statement in previous RAN2 meeting, from operator’s view, the main purpose of NR reporting is to enable voice continuity. Cell reselection criteria is possibly different from that of HO, one addressed open issue is to verify that reselection criteria for ANR can be tuned to ensure NR can be done for HO.

For intra-UTRAN case it has been suggested that similar thresholds set to the value to what HO values would be. While for inter-RAT case, it has already been identified that these tuned thresholds would impact other RAT’s specification especially applying for cell reselection from LTE/GSM case. Thus we focus on intra-UTRAN case.

Intra-frequency and inter-frequency reporting events for HO decision:

Intra-frequency reporting event 1d and event 1g is commonly used for best cell change respectively for FDD and TDD as following:

Equation1 for evaluation of reporting event 1d (FDD , CPICH Ec/N0 or CPICH RSCP)
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Equation2 for evaluation of reporting event 1g (TDD, P-CCPCH RSCP):
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From above equation 1 and 2, the measurement of target cell is keep higher hysteresis threshold than previous best cell for a duration of  hysteresis time, the reporting event shall be triggered.
For inter-frequency case, different from cell level measurement of intra-frequency, the Qfrequency j is used to estimate the frequency quality of each frequency and inter-frequency reporting event 2A would be used for best frequency change.
For FDD the frequency quality estimate used in events 2a, 2b 2c, 2d, 2e and 2f is defined as the following equation3:
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From above equation3, the virtual active set is defined to estimate each frequency quality for used frequency and also for non-used frequency and Qfrequency j is derived from the measurements of the virtual active set cells on a certain frequency j.

For TDD the frequency quality estimate used is defined as the following equation 4:
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Note that for TDD, active set only includes serving cell, thus frequency quality estimate is based on cell level measurement actually.
Equation5 for evaluation of reporting event 2a (FDD and TDD):
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Cell reselection criteria:

For non-CSG, non-HCS and non-absolute priority cases, the cell-ranking criterion R is defined by in [7]:
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Cell reselection to the target shall be performed if the new cell is better ranked Qhysts than the serving cell during the preceding time interval Treselection.

Comparison of cell reselection criteria and reporting events for HO decision:

The difference between cell reselection criteria and reporting events can be summarizes as below:

For cell reselection, identical Qhysts is used in current intra-frequency and inter-frequency cell reselection. For HO decision, different hysteresis values can be defined for intra-frequency and inter-frequency event reporting respectively. To tune the ANR cell reselection approaching HO decision, it is assumed that intra-frequency offset and/or inter-frequency offset for ANR cell reselection can be introduced. But if do that, cell reselection behavior would be changed.
Another issue would be the difference of inter-frequency measurement quantity used for cell resection and HO decision. For cell reselection, cell level measurement is used, for FDD and inter-frequency event reporting, frequency quality estimate of virtual active set cells is used, the main issue would be how to tune the cell level measurement to frequency level estimate.
Open issue3: UEs performing cell reselection based ANR not behaving according to normal cell reselection rules
This issue is intended to identify in which scenarios cell reselection enabled UEs would not behave as the normal cell reselection rules. It has been discussed that when the ANR enabled UE is closing a CSG cell, the UE may perform cell reselection to the CSG cell assuming CSG cell with higher priority than other candidate detected cell, which would cause the risk that the candidate detected cell has the less probability to be reselected and reporting the missing NR.
Regarding absolute priority cell reselection, if absolute priority per frequency is defined, if the ANR enabled UE behavior as the legacy normal cell reselection, then there also has the risk that some missing NR would have less probability to be reported. To ensure the ANR reporting can work well, it is proposed the defined absolute priority shall not be applied for ANR UEs. This would result in the modified cell reselection behavior and the reselected cell would be not the appropriate cell.
Similarly, if the serving cell is using HCS, it is difficult to assume the priority of the detected set cell and also hard to define the corresponding detected cell specific HCS parameters.
Open issue4: How long the UE would be kept in CELL_PCH
This issue concerning how long the UE would be kept in intended Cell_PCH state for cell reselection ANR approach. In our view, the UEs with ongoing conversational service streaming service and so on are not capable to be in CELL-PCH state. For background and interactive service, the UE can not be kept in CELL_PCH state until there has been a certain period of data inactivity. That means if only cell reselection based ANR approach is concluded, the ANR measurement would only applicable for the UEs with no data being active.
We doubt that if the UE in CELL_PCH state with data inactivity would sent SCRI to NW to request be sent to idle state (or the UE would automatically enter idle mode) for fast dormancy. Even though the UE is not ordered to leave CELL_PCH state regardless its power saving issue, we think that the UEs with frequent CU procedure and without data active in CELL_PCH state would be reconfigured to URA-PCH state.
All in all, for service restriction, power saving considering issue and signalling loading of CU procedure, how long the UE would be kept in CELL_PCH state shall be taken into account.
Open issue5: Would the state transition lead to frequent ANR configuration
It is known that sending data in CELL_PCH state is not allowed; receiving data in CELL_PCH would lead to state transition to CELL_FACH or CELL_DCH state even in enhanced CELL_PCH state. Furthermore, to speed up the state transition from CELL_PCH to CELL_FACH and avoiding signalling overhead, the fast transition from CELL_PCH to CELL_FACH is introduced, CU procedure is not needed is this case.
ANR measurement (detected cell reselection measurement) is intended to be performed in CELL_PCH state, and some cell specific ANR parameters (like frequency, blacklist and parameters for reselection ranking and so on) shall be configured per UE with dedicated signalling. This frequent state transition would result in repeated configuration even without cell reselection. To avoiding such repeated configuration, ANR configuration would be stored and kept in CELL-FACH state or in CELL-DCH state.
It can be seen that to avoiding such repeated configuration of ANR configuration storage in CELL-FACH and CELL-DCH would be needed and some impact on the specification would be needed.
Open issue6: How to address case where cell update isn’t successful
With respect to cell reselection based ANR, the missing NR will be reported to the target cell after cell reselection and successful CU procedure. Thus BCH decoding failure, any cell restriction and reservation and failure of CU procedure in the target cell would result in the failure of reporting missing NR. Upon any phase failure, the stored NR information of the source cell intended to the target cell would be cleared correspondingly.
Figure 3 shows a scenario of CU failure case, the ANR enabled UE in CELL A is moving to the detected CELL B along the depicted route in figure 3, as the ranked cell B fulfilling reselection criteria becomes the better than cell A, then the UE reselected to CELL B. After reselection, the UE decoded BCH successfully and made known no restriction and cell reservation in CELL B from SIB3. after successful camp on the new CELL B UE initiates a CU procedure as moving. Upon initiating CU procedure, the UE is entering the weak radio condition e.g. due to shadowed by the high buildings, thus the CU procedure fails, the missing NR can not be reported to CELL B, the UE would clear the stored NR information from CELL A.
In this same scenario, for SI reading approach, SI reading to CELL B procedure would occur before HO to it, thus NW would get the NR before entering weak radio condition of CELL B.
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Figure 3: scenario of CU failure
It may be argued that cell reselection to the detected cell with BCH decoding failure or target cell restriction or CU failure may be is the few cases. However, if the target cell is restricted to access or CU failure, NW cannot get the NR in time. On the other hand, we think corresponding UE behaviour shall be made unambiguous in specification.
Open issue7: How to control the ANR for inter-RAT case
As stated above the MSC of Figure 1 only represents the framework of intra-UTRAN ANR case. To avoiding impact on the specification of other RATs, it is proposed that the NR reporting for inter-RAT case relies on the detected cell reselection from LTE/GSM, the missing NR information would be reported during RRC establishment procedure. 
In our opinion, how to control the ANR for inter-RAT case may be is the main issue. The enabled ANR UE in UTRAN cell_pch state perform a cell reselection to LTE/GSM, if even the UE can kept the UTRAN ANR enabled in GSM/LTE RRC connection state, however, if the UE in GSM/LTE is ordered to enter idle state, how the UE can be enabled the UTRAN ANR again when starting up the detected cell reselection to UTRAN?
Another issue would be that the tuned reselection criteria similar with HO is difficult to be notified from target RATs.
As analysis above we give the following proposal:
Proposal 1: It is proposed that the open issues be considered when making the decision on ANR approach.

3. Open issues of CELL_DCH based method

In this section, we will discuss main open issues of CELL_DCH based ANR.

Following work assumptions are highlighted:

1) PSC/PID detection, Physical measurements of detected set cells;

2) SI acquisition, SI-reading of indicated neighbor cells.

As discussed in [4], the procedure of CELL_DCH based method are shown in Figure 4 below, this section we will discuss main open issues of CELL_DCH based method.
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Figure 4: ANR_UTRAN procedure of CELL_DCH based method
3.1. When to trigger PSC/PID detection

After the UE indicated its ANR capability and was ordered into CELL_DCH state, when shall the RNC command the UE to perform detected cell PSC/PID(Cell Parameter Id for LCR TDD) detection?
3.1.1 Intra-frequency case
For intra-frequency case, PSC/PID detection doesn’t need any gaps, so After the UE indicated its ANR capability and was ordered into CELL_DCH state, RNC can control the UE to perform PSC/PID detection at once.

3.1.2 Inter-frequency/Inter-RAT case
For FDD, Compressed Mode needs to be used for Physical measurements for inter-frequency/inter-RAT case in CELL_DCH state. In order to minimize the impacts of CM on traffic, Event 2D (The estimated quality of the currently used frequency is below a certain threshold) is commonly used to trigger CM for inter-frequency/inter-RAT measurements in current specific. For ANR PSC/PID detection for inter-frequency/inter-RAT, it can also reuse Event 2D to trigger CM. 

For TDD, for lower rate service, the UE can use idle Timeslots (e.g.TS0 and the other no traffic channel timeslots) to perform Physical measurements for inter-frequency/inter-RAT in CELL_DCH state. The measurements for inter-frequency/inter-RAT detect cells less impact the ongoing service. In rel-9, to improve resource usage, possible usage of traffic channels (e.g. HS-PDSCH) on TS0 is introduced to the specification and also for higher rate service measurement occasion reservation scheme is enhanced for the UE to have enough time to perform inter-frequency/inter-RAT measurement. 
For TDD, when TS0 usage for traffic channel or when higher rate service occupying much Timeslots, measurement occasion shall be reserved and configured when inter-frequency and/or inter-RAT measurements will be initiated just like starting CM for FDD.
Regarding when to initiate measurement occasion reservation and configuration, since Event 2D is applicable for FDD only, a new cell level event for triggering measurement occasion for LCR TDD is proposed to be introduced, and this event could be based on the P-PCCPCH RSCP quality of serving cell.. 
Based on above analysis, we propose that:

Proposal 2: For FDD, it can reuse Event 2D to trigger CM for ANR PSC/PID detection for inter-frequency/inter-RAT case.

Proposal 3: For LCR TDD inter-frequency/inter-RAT case ANR PSC/PID detection, a new cell based event is proposed to be introduced to maximize the usage of resource.

3.2. When to trigger SI-reading for ANR
This issue arises in step 5 and 6. RNC can trigger SI-reading of NR missing cell once receiving the measurement of detected PSC/PID which the UE reports, so, we focus on when the UE shall report the detected PSC/PID to initiate SI reading.

3.2.1 Intra-frequency case

For intra-frequency case, SI-reading doesn’t need gaps, we focus on the following inter-frequency and inter-RAT case. 

3.2.2 Inter-frequency/Inter-RAT case

Before discussing this issue, we analyze the relationship of PSC/PID detection and SI-reading firstly. 

PSC/PID detection essentially indicates the physical measurements on the pilot Channels of the unknown neighbor cell, while SI acquisition means the BCH data reception and decoding. In most cases, the position at which the PSC/PID of a neighbor cell can be identified successfully does not mean that the SI of that cell can be decoded correctly due to more strict radio condition required. The higher quality of P-CCPCH of the certain cell, the more successful BCH data can be decoded. 
It has agreed that Autonomous Gaps need to be used for SI-reading for inter-freq/inter-RAT. If SI acquisition is started just upon the PSC/PID is detected regardless the difference of the required CIR for PSC/PID detection and BCH decoding, this would result the UE need more gaps to decode the SI information. There would be more impacts to ongoing service.

Based on above analysis, we propose a new cell based event to be introduced to trigger SI-reading for inter-frequency/inter-RAT case, and this event could be based on the P-CPICH and/or P-PCCPCH quality for FDD and TDD respectively.

Proposal 4: For UTRAN ANR inter-frequency/inter-RAT case SI-reading, a new trigger event is proposed to be introduced.

3.3. How to ensure NW doesn’t add implausible NRs
In RAN2#71bis, a scenario regarding possibly adding implausible NR has been discussed that strong neighbor is across a river with no bridge. It is said that RNC may add the strong neighbor cell into NCL In this case though this NR is not appropriate.

We think this issue is identical for CELL_DCH based method and cell-reselection based method. We think this not appropriate NR would be punched through NW performance measurement (like HO failure from the NR cell) or through special driver test.
As analysis on open issue 2 of cell reselection approach, for CELL-DCH based method, reporting unwanted neighbouring cell does not need to reselect or handover to it, on the contrary and this reporting from the ANR UE seems not taking the big impact on the UE behaviour.

4. Conclusion
As analysis above there may be more restriction (service restriction, scenario restriction and so on) for using cell Reselection based alternative. 
From specification impact aspect, besides ANR capability reporting, Cell reselection method would impact CU procedure, RRC reconfiguration procedure and System information and for inter-RAT case also RRC establishment procedure would be impact. Contrastively, SI reading method mainly impact MC procedure only.
From backward compatibility, the SI reading procedure of CELL_DCH based method has some similarity with R9 CSG inbound HO. while, cell reselection would take modification on cell reselection procedure.

From above, if only one alternative would be concluded, we slightly prefer the CELL_DCH based SI reading method as the way forward.

Proposal 1: If only one alternative would be concluded, we slightly prefer the CELL_DCH based SI reading method as the way forward.
For CELL-DCH based SI reading approach, further proposal is made as following.
Proposal 2: For FDD, it can reuse Event 2D to trigger CM for ANR PSC/PID detection for inter-frequency/inter-RAT case.

Proposal 3: For LCR TDD inter-frequency/inter-RAT case ANR PSC/PID detection, a new cell based event is proposed to be introduced to maximize the usage of resource.

Proposal 4: For UTRAN ANR inter-frequency/inter-RAT case SI-reading, a new trigger event is proposed to be introduced.
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